Introduction
============

Lung cancer is the leading cause of cancer death and is attributed to more than 25% of all cancer deaths. In the United States, it is estimated that \~225,000 patients are diagnosed with lung cancer with 160,000 deaths due to lung cancer annually.[@b1-cmar-11-943] However, it has been reported that the incidence of lung cancer has significantly declined among men and women in all racial groups in recent decades.[@b2-cmar-11-943],[@b3-cmar-11-943]

Primary lung cancer is typically divided into two main histopathological types: small cell lung cancer (SCLC) and non-small-cell lung cancer (NSCLC). NSCLC accounts for 85% of lung cancer cases, including three main subtypes, namely adenocarcinoma (ADC), squamous cell carcinoma (SCC), and large cell carcinoma (LCC).[@b4-cmar-11-943] The trends in lung cancer incidence rates by histopathological types have shifted over the past few decades in the United States.[@b5-cmar-11-943]--[@b8-cmar-11-943] Polednak[@b9-cmar-11-943] found that the incidence rates of ADC, SCC, and SCLC decreased from 1992 to 2005 in the United States. This decline in incidence was also observed for LCC in another study.[@b10-cmar-11-943] During this period, the incidence of SCC was observed to decrease more rapidly than that of ADC. At present, ADC is more common than SCC in the United States.[@b5-cmar-11-943],[@b6-cmar-11-943]

Lung cancer is one of the most aggressive malignant tumors, especially SCLC. The treatments for lung cancer mainly include surgical resection and chemotherapy. In general, patients with early-stage lung cancer usually undergo surgery, while patients with advanced or metastatic disease are treated with chemotherapy.[@b11-cmar-11-943] However, treatment methods have also shifted over the decades. Despite improved treatment, lung cancer still has a poor prognosis and the 5-year survival rate remains at a very low level.[@b12-cmar-11-943] Several factors, such as age, sex, lung function, clinical and pathological stage, body constitution, comorbidity, and optimal treatment, influence the survival of lung cancer patients.[@b13-cmar-11-943]

To our knowledge, there have been some publications on an international level to access the trend in some aspects of lung cancer,[@b14-cmar-11-943],[@b15-cmar-11-943] but no studies on the changes in incidence, treatment, and long-term survival rate of lung cancer spanning four decades have been carried out. In this study, we used the population-based Surveillance, Epidemiology and End Results (SEER) database, which represents 26% of the US population, to investigate changes in the incidence, treatment, and 5-year relative survival rate of lung cancer analyzed by sex, age, race, and histopathological type over time.

Materials and methods
=====================

The SEER database is an open access resource for cancer-based epidemiology and survival analyses. The SEER program includes 18 cancer registries collecting information on newly diagnosed cases within SEER geographic regions in the United States, and covers \~97% of all incident cancers in its registry areas. More than 8 million cancer cases spanning four decades are registered in this database.

The data on patients with lung cancer were obtained from the SEER database via SEER\*Stat, version 8.3.5 (<http://seer.cancer.gov/seerstat/>). We defined lung cancer using the ICD for Oncology, Version 3 (ICD-O-3). Patients with labeled primary sites, C34.1-upper lobe, lung, C34.2-middle lobe, lung, C34.3-lower lobe, lung, and C34.8-overlapping lesion of lung, C34.9-lung, not otherwise specified, were included in this study. Data on frequency and age were obtained from the database of Incidence-SEER 18 Research Data + Hurricane Katrina Impacted Louisiana Cases, November 2017 Sub, 1973--2015 varying. Data on the treatment are obtained from the database of Incidence-SEER 18 Regs Custom Data (with additional treatment fields), November 2017 Sub (1975--2015 varying). The surgical rate, radiotherapy rate, and chemotherapy rate were calculated manually. Data on incidence and survival rate were obtained from incidence 9 Regs Research Data, November 2017 Sub (1973--2015) \<Katrina/Rita Population Adjustment\>. The demographic and clinical data, including the year of diagnosis, age-adjusted incidence rates, age, sex, race/ethnicity, tumor stage, histopathologic types, treatment methods, and the 5-year relative rate, were used to estimate the changes in lung cancer over time. According to the SEER database, racial groups included white, black, other (American Indian/AK Native, Asian/Pacific Islander), and unknown racial patients. The data on unknown racial patients were omitted when calculating the incidence of different racial groups. The categories of lung cancer were defined by the 2015 WHO Classification of Lung Tumors.[@b16-cmar-11-943] Histopathological types were defined using ICD-O-3 His/ behave, malignant. We calculated and analyzed the data of four histopathological types, namely ADC (8140/3, 8250/3, 8251/3, 8252/3, 8253/3, 8255/3, 8260/3, 8310/3), SCC (8070/3, 8071/3, 8072/3), LCC (8012/3, 8013/3), and SCLC (8041/3, 8044/3, 8045/3). Tumor stage was classified as localized, regional, and distant according to SEER historical stage A, which contained data from 1988 to 2015. The TNM stage system was not adopted because the staging criteria were not consistent over the years. Incidence rates were age-adjusted using the 2000 United States Standard Population, and all incidence rates were reported as age-adjusted incidence per 100,000 person-years.

Statistical analysis
--------------------

Joinpoint Regression Program, version 4.5.0.1 (Statistical Methodology and Applications Branch, Surveillance Research Program, National Cancer Institute) was used to estimate the time periods of significant increases or decreases in rates via Joinpoint regression models. The Joinpoint regression models tested which trends (between joinpoints) were statistically significant and then estimated the annual percentage change (APC) in rates between the two joinpoint years. A maximum of three joinpoints was applied to characterize trends. *P*\<0.05 was considered significant and all tests were two-tailed.

Ethical considerations
----------------------

Ethics approval was exempted by the Ethics Committee of Zhongshan Hospital of Fudan University (Shanghai, China), as the SEER is a publicly available database, and data extracted from SEER were identified as nonhuman study. All patient data were anonymized.

Results
=======

Incidence of lung cancer
------------------------

According to the SEER database, 1,148,341 patients developed lung cancer from 1973 to 2015, including 646,662 males and 501,679 females. Of these, white patients comprised the majority (n=960,808), followed by black patients (n=122,079), and then other racial patients (n=64,010), and unknown racial patients (n=1,444). A high incidence rate of lung cancer was observed with 59.0/100,000 person-years on average over the past 43 years. In 1973, the incidence of lung cancer was 47.5/100,000 person-years. The overall incidence of lung cancer significantly increased from 1973 to 1991, and reached a peak in 1992 (65.9/100,000 person-years). The incidence then decreased from 1991 to 2015, which was mainly due to a decrease in incidence in male patients. In 2015, the incidence dropped to 48.9/100,000 person-years ([Figure 1A](#f1-cmar-11-943){ref-type="fig"}).

Male patients showed a decreasing trend, while female patients showed an increasing trend in overall incidence in the past decades. The incidence rate in male patients increased from 1973 (83.5/100,000 person-years) to 1984 (97.9/100,000 person-years), and then gradually decreased to a historical low level of 55.3/100,000 person-years in 2015. However, the incidence in female patients gradually increased from 20.2/100,000 person-years in 1973 to 51.3/100,000 person-years in 2007. The incidence subsequently decreased slowly and was 44.2/100,000 person-years in 2015. In general, the incidence in male patients was higher than that in female patients, but this gap has gradually diminished in recent years ([Figure 1B](#f1-cmar-11-943){ref-type="fig"}). There was a significant change in the average age of patients with lung cancer from 1973 (64.1 years) to 2015 (70.3 years). With regard to racial groups, the incidence rate in black patients was the highest among all racial groups during the same time period (white vs black vs others =61.94 vs 78.99 vs 42.39/100,000 person-years on average). Black patients showed an increased incidence from 1973 to 1985, and then a decrease from 1985 to 2015. In white patients, there was an increase in incidence from 1973 to 1991, followed by a significant decrease from 1991 to 2015. The other racial groups showed the lowest incidence rates, which remained relatively stable from 1973 to 2015 ([Figure 1C](#f1-cmar-11-943){ref-type="fig"}).

Lung cancer stage was divided into the following four categories: localized, regional, distant, and unstaged ([Figure 1D](#f1-cmar-11-943){ref-type="fig"}). The average percentage of localized, regional, distant, and unstaged lung cancers was 18.8%, 23.7%, 47.7%, and 10.0%, respectively. Localized stage lung cancer showed an increasing trend, rising from 16.6% in 1988 to 23.6% in 2015. The percentage of regional stage lung cancer showed a slight decreasing trend (24.6% in 1988 to 21.7% in 2015). The percentage of distant stage lung cancer far exceeded that of the other two stages, and remained at a high level with a general increasing trend (45.2% in 1988 to 48.7% in 2015). For unstaged lung cancer, the percentage had been on a decline from 1988 (14.2%) to 2015 (6.1%).

The histopathological types of lung cancer mainly consisted of ADC, SCC, LCC, and SCLC ([Figure 2](#f2-cmar-11-943){ref-type="fig"}). The average incidence rates of ADC, SCC, LCC, and SCLC were 17.9, 13.3, 3.1, and 6.0/100,000 person-years, respectively. Overall, ADC showed an increasing trend in incidence from 1973 (8.9/100,000 person-years) to 2015 (20.3/100,000 person-years), while SCC showed a decreasing trend from 1973 (13.3/100,000 person-years) to 2015 (9.8/100,000 person-years). The incidence rate of SCC significantly increased from 1973 and reached a peak in 1984, and then decreased from 1984 to 2005. Following a stable period, SCC showed a decreasing trend in incidence from 2011 to 2015. In general, the incidence rate of ADC increased from 1973 to 1992. After a nonsignificant decrease, the incidence increased again from 2003 to 2015. In 1985, the incidence rate of ADC surpassed that of SCC for the first time and this disparity continuously increased. The incidence rate of LCC was relatively low, and increased initially (1973 to 1987) and then decreased (1987--2015). The incidence of SCLC was higher than that of LCC, and also showed periods of increased and decreased incidence. The incidence of lung cancer in male patients was higher than that in females for all four histopathological types, but the gap narrowed with time ([Figure 3A--D](#f3-cmar-11-943){ref-type="fig"}). Notably, in females, the incidence of ADC significantly increased from 5.4/100,000 person-years in 1973 to 19.5/100,000 person-years in 2015, whereas the incidence of SCC in male patients significantly decreased from 25.5/100,000 person-years in 1973 to 13.3/100,000 person-years in 2015.

Treatment of lung cancer
------------------------

The main treatments for lung cancer include surgery, chemotherapy, and radiotherapy. In the present study, although the surgical rate showed slight fluctuations over time, it remained relatively stable at about 25%. The radiotherapy rate experienced a general downward trend, but showed an increasing trend from 2007 (35.3%) to 2015 (38.8%). However, treatment with chemotherapy rose over the past decades, increasing from 14.9% in 1973 to 39.2% in 2015 ([Figure 4](#f4-cmar-11-943){ref-type="fig"}).

The present study revealed that the surgical rates for NSCLC were much higher than those for SCLC ([Figure 5A](#f5-cmar-11-943){ref-type="fig"}). From 1973 to 2015, the highest average surgical rate was seen in ADC patients (36.6%), followed by SCC (31.2%), LCC (26.4%), and SCLC patients (5.9%). The surgical rates for ADC, SCC, and SCLC decreased over time, but the rate for LCC significantly increased from the late 1980s. As shown in [Figure 5B](#f5-cmar-11-943){ref-type="fig"}, most patients with localized stage lung cancer underwent surgical treatment (an average of 61.6%). However, the surgical rate significantly decreased from 1988 to 2015. The average surgical rate for regional stage lung cancer was 38.2%, ranking second, while only 5.1% of patients with distant stage lung cancer underwent surgery, and this rate declined from 1988 to 2015. For unstaged tumor, the average surgical rate was 3.6%, and showed a decreased trend from 1973 to 2015.

All four histopathological types of lung cancer showed an increasing trend in treatment with chemotherapy from 1973 to 2015 ([Figure 5C](#f5-cmar-11-943){ref-type="fig"}). In 1973, the rates of chemotherapy for ADC, SCC, LCC, and SCLC were 19.6%, 11.7%, 17.1%, and 24.2%, respectively. Following a continuous increase in chemotherapy, the rates of chemotherapy in these four histopathological types rose to 43.0%, 39.2%, 50.2%, and 67.8%, respectively. Notably, on average 65.4% of SCLC patients received chemotherapy, which was much higher than that in the other three histopathological types. However, the rate of chemotherapy in SCLC patients decreased from 1987 to 2015. For regional and distant stage lung cancer, the rate of chemotherapy increased from 1988 to 2015. In 2015, the rates of chemotherapy for regional and distant stage lung cancer were 53.3% and 51.2%, respectively, while on average, only 12.4% of patients with localized stage lung cancer were treated with chemotherapy ([Figure 5D](#f5-cmar-11-943){ref-type="fig"}). The treatment with radiotherapy for NSCLC experienced a significantly decreasing trend from 1980s to 2006. Since then, NSCLC have an increasing trend in radiotherapy rate. But for SCLC, the radiotherapy rate increased initially, and then rapidly went to the bottom in 1989 (38.7%). Later, it increased gradually, reaching 44.5% in 2015 ([Figure 5E](#f5-cmar-11-943){ref-type="fig"}). Regional and distant stage lung cancer had higher radiotherapy rate than localized stage. The radiotherapy rate of both regional and distant stage lung cancer experienced a decreasing trend from 1988 to the mid 2000s, and then remained stable ([Figure 5F](#f5-cmar-11-943){ref-type="fig"}).

Long-term survival of lung cancer patients
------------------------------------------

In 1973, the 5-year relative survival rate of all patients with lung cancer was only 10.7% ([Figure 6A](#f6-cmar-11-943){ref-type="fig"}). Although the survival rate has increased over the past four decades, it is still poor (\<21.0%). In 2010, the 5-year relative survival rate increased to 19.8%.

Female patients had a better survival rate than male patients at all time points ([Figure 6B](#f6-cmar-11-943){ref-type="fig"}). The average survival rate of male patients was 13.0%, while the rate in female patients was 17.7%. All racial groups showed an increasing trend in survival rate over the years. Black patients had the lowest survival rate at all time points, while white patients and other racial patients had better survival rates ([Figure 6C](#f6-cmar-11-943){ref-type="fig"}). In general, aged lung cancer patients had a poorer survival rate than younger patients ([Figure 6D](#f6-cmar-11-943){ref-type="fig"}). Notably, all age groups showed a marked increase in survival rate, especially patients aged 15--44 years.

Overall, the survival rate in patients with all four histopathological types of lung cancer increased ([Figure 6E](#f6-cmar-11-943){ref-type="fig"}). The average 5-year survival rates for ADC, SCC, LCC, and SCLC from 1973 to 2010 were 20.6%, 17.6%, 13.2%, and 5.6%, respectively. Compared with the survival rate in 1973, the rates for ADC, SCC, LCC, and SCLC increased by 10.5%, 7.8%, 10.3%, and 2.8% over the past decades, reaching 26.2%, 21.3%, 21.1%, and 7.2%, respectively, in 2010. Patients with NSCLC had a much better survival rate than those with SCLC. On the whole, patients with localized, regional, and distant stage lung cancer had an increase in 5-year relative survival rate from 1988 to 2010, respectively. Patients with localized stage lung cancer had the highest survival rate from 1988 (45.3%) to 2010 (58.2%), with an average of 50.3%. The survival rate for regional stage lung cancer was 22.2% on average. Although the survival rate for distant stage lung cancer increased from 1988 to 2010, only 2.9% of patients on average survived more than 5 years ([Figure 6F](#f6-cmar-11-943){ref-type="fig"}).

Discussion
==========

In the present study, we used Joinpoint regression models to estimate the APC change in trends in lung cancer incidence and prevalence by age, sex, race, and histopathological types, and calculated the proportion of tumors in different stages, various treatments, and the long-term survival of patients with lung cancer.

The present study showed that lung cancer incidence has declined in the past 20 years, which is thought to be largely due to tobacco control programs.[@b2-cmar-11-943],[@b9-cmar-11-943] Nonetheless, this decline is not consistent among men and women and all racial groups, thus causing disparities in lung cancer incidence. Men appeared to be more susceptible to lung cancer than women historically. Hu et al[@b17-cmar-11-943] reported that cigarette smoking in both sexes has significantly declined, but men had higher smoking rates than women at any time point, which was reflected in the higher lung cancer incidence rates in men. However, our study showed that the decline in men was sharper, and the gender gap in lung cancer incidence has narrowed in recent years. Moreover, a recent study reported that the historically higher incidence rates in young men compared with young women have reversed since 1960s, which are not fully explained by sex differences in smoking behavior.[@b18-cmar-11-943] Therefore, future studies are needed to identify the reasons for the higher incidence of lung cancer in young women. Many reports have shown that the incidence rates of lung cancer in black individuals are higher than those in white individuals,[@b19-cmar-11-943]--[@b21-cmar-11-943] although this racial gap also narrowed over time, which is consistent with our findings. The higher incidence rates in black individuals may be due to multiple factors, such as a greater susceptibility to smoking,[@b22-cmar-11-943] poorer access to health care services,[@b23-cmar-11-943] and lower smoking cessation rates.[@b24-cmar-11-943] As effective early screening methods for lung cancer are lacking, and clinical symptoms do not appear until the disease has progressed, the majority of patients are diagnosed with lung cancer at advanced stages.[@b25-cmar-11-943]

It is well-known that lung cancer etiology and prognosis are correlated with tumor histopathological types. The trends in lung cancer incidence vary greatly by histopathological type due to different exposure to tobacco smoke and other lung carcinogens.[@b26-cmar-11-943]--[@b29-cmar-11-943] In our study, up to the early 1980s, SCC was most prevalent in the United States, and then started to decrease, which paralleled a decline in smoking rates.[@b6-cmar-11-943],[@b8-cmar-11-943] It is considered that SCC oncogenesis is closely correlated with heavy smoking.[@b30-cmar-11-943]--[@b32-cmar-11-943] In 1985, the incidence of ADC surpassed that of SCC for the first time, and ADC then became the most prevalent histopathological type of lung cancer. Although the smoking rate has declined, there are other risk factors associated with the increasing rate of ADC, such as human papillomavirus infection[@b33-cmar-11-943] and both indoor and outdoor air pollution.[@b34-cmar-11-943] In our study, the incidence of ADC showed an upward trend, while the incidence of other histological types (SCC, LCC, and SCLC), which are strongly associated with smoking, decreased from the late 1980s.

We showed that the 5-year relative survival rate for lung cancer significantly increased with time in the United States, which was mainly due to progress in treatment over the years.[@b35-cmar-11-943] However, the survival of lung cancer patients is still poor. A study from Japan reviewed that the 5-year relative survival between 1970s and 2000s increased from 6.0% to 30.9% in females and from 7.2% to 19.6% in males.[@b36-cmar-11-943] It is well-known that surgery offers lung cancer patients the best chance of long-term survival; however, our study revealed that the surgical resection rate was only about 25%, and showed a decreasing trend in recent years. Similar to our results, a study from Norway showed that the surgical rate for lung cancer was \<20%. From the mid 1990s to the mid 2000s, the lung cancer resection rate (including SCLC) increased from 16.4% to 19.1%. Excluding SCLC cases, the resection rate increased from 19.7% to 20.2%.[@b37-cmar-11-943] In a study from Canada, only 18% of NSCLC received surgical treatment. For early-stage lung cancer, the surgical resection rate was 58.9%,[@b38-cmar-11-943] which was consistent with ours. We showed that the surgical rate has significantly decreased in localized lung cancer recently. It seems that the reason is that stereotactic radiotherapy has increased.[@b39-cmar-11-943] In our study, the radiotherapy rate of localized lung cancer has an increasing trend from 2006 to 2015, which may explain why the surgical rate and chemotherapy rate decreased in this period. Moreover, most patients were diagnosed with distant stage lung cancer, which is another important risk factor for poor survival. Notably, female patients had better survival than male patients. This survival advantage is likely due to a variety of factors. Fu et al[@b40-cmar-11-943] analyzed the SEER database and found that female patients with local stage lung cancer received surgery more frequently than males. This difference in surgical rate may partially explain the better survival rate in women. In addition, women were more vulnerable to ADC due to the difference in smoking patterns.[@b29-cmar-11-943] During the 21st century, ADC had a better prognosis than other histological types.[@b36-cmar-11-943] The present study showed that the survival rates of black patients were lower than those of white patients at all time points, which may be attributed to the differences in tumor stage at diagnosis, variability in treatment, access to health care services, and socioeconomic factors.[@b41-cmar-11-943],[@b42-cmar-11-943] In addition, it has been reported that compared with white patients, black patients were less likely to undergo surgery for early-stage lung cancer or chemoradiotherapy for advanced stage lung cancer.[@b25-cmar-11-943] Furthermore, black patients were more likely to be diagnosed with advanced lung cancer than white patients. These factors may contribute to the racial disparities observed in lung cancer survival in the United States.

Limitations
-----------

The SEER database only contains data on patients within US regions, and does not represent changes in the incidence, treatment, and survival of lung cancer worldwide. Therefore, extensive research is necessary to estimate the changes in lung cancer over the past decades.

Conclusion
==========

This study updated the trends in lung cancer incidence by sex, race, age, and histopathological types, and showed changes in treatment and the 5-year relative survival. In the past decades, the overall incidence of lung cancer increased initially and then gradually decreased. The surgical rate and radiotherapy rate of lung cancer showed a general downward trend while the chemotherapy rate experienced a significantly increasing trend. Although the 5-year relative survival rate increased significantly with years, it was still very low. Our study provided a comprehensive overview of lung cancer over the past 43 years.
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![The change in incidence trends of lung cancer over years.\
**Notes:** (**A**) The overall trend in the incidence of lung cancer from 1973 to 2015. (**B**) The sex differences in the incidence of lung cancer. (**C**) The incidence of lung cancer in different racial groups. (**D**) The changes in tumor stages from 1988 to 2015.\
**Abbreviation:** APC, annual percentage change.](cmar-11-943Fig1){#f1-cmar-11-943}

![The trends in incidence of four main histopathological types of lung cancer from 1973 to 2015.\
**Abbreviations:** ADC, adenocarcinoma; APC, annual percentage change; LCC, large cell carcinoma; SCC, squamous cell carcinoma; SCLC, small cell lung cancer.](cmar-11-943Fig2){#f2-cmar-11-943}

![The sex differences in the incidence of ADC (**A**), SCC (**B**), LCC (**C**), and SCLC (**D**).\
**Abbreviations:** ADC, adenocarcinoma; APC, annual percentage change; LCC, large cell carcinoma; SCC, squamous cell carcinoma; SCLC, small cell lung cancer.](cmar-11-943Fig3){#f3-cmar-11-943}

![The rates of surgery, chemotherapy, and radiotherapy for lung cancer over the years.\
**Abbreviation:** APC, annual percentage change.](cmar-11-943Fig4){#f4-cmar-11-943}

![The rates of different treatments for lung cancer over years.\
**Notes:** (**A**) The surgical rates for different histopathological types of lung cancer. (**B**) The surgical rates for different stages of lung cancer. (**C**) The rate of chemotherapy for different histopathological types of lung cancer. (**D**) The rate of chemotherapy for different stages of lung cancer. (**E**) The rate of radiotherapy for different histopathological types of lung cancer. (**F**) The rate of radiotherapy for different stages of lung cancer.\
**Abbreviations:** ADC, adenocarcinoma; APC, annual percentage change; LCC, large cell carcinoma; SCC, squamous cell carcinoma; SCLC, small cell lung cancer.](cmar-11-943Fig5){#f5-cmar-11-943}

![The long-term survival of lung cancer patients.\
**Notes: (A**) The 5-year relative survival rate of lung cancer from 1973 to 2010. The 5-year relative survival of lung cancer patients by sex (**B**), race (**C**), age group (**D**), histopathological type (**E**), and different stage (**F**).\
**Abbreviations:** ADC, adenocarcinoma; APC, annual percentage change; LCC, large cell carcinoma; SCC, squamous cell carcinoma; SCLC, small cell lung cancer.](cmar-11-943Fig6){#f6-cmar-11-943}
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